The amount of energy acquired by an animal, along with the energy costs of thermoregulation, foraging behaviour and costs of tissue maintenance and repair, determine the energy that is available for growth, reproduction and fat storage (Townsend & Calow 1981) . However, the availability of food items in the environment may impose limits on the rates at which animals can acquire energy. Two proximate factors, food availability and climatic conditions, may therefore be expected to have a direct influence on the structure of an animal's energy budget, i.e. the allocation of energy among various processes. Consequently, it would be expected that variations in habitat and season would have important effects on energy budgets in the wild. Indeed previous studies have indicated significant effects of both site (Hayes 1989) and season (Mutze, Green & Newgrain 1991; Nagy & Gruchacz 1994; Degen et al. 1997 ) on daily energy expenditure (DEE) within species.
Introduction
The amount of energy acquired by an animal, along with the energy costs of thermoregulation, foraging behaviour and costs of tissue maintenance and repair, determine the energy that is available for growth, reproduction and fat storage (Townsend & Calow 1981) . However, the availability of food items in the environment may impose limits on the rates at which animals can acquire energy. Two proximate factors, food availability and climatic conditions, may therefore be expected to have a direct influence on the structure of an animal's energy budget, i.e. the allocation of energy among various processes. Consequently, it would be expected that variations in habitat and season would have important effects on energy budgets in the wild. Indeed previous studies have indicated significant effects of both site (Hayes 1989) and season (Mutze, Green & Newgrain 1991; Nagy & Gruchacz 1994; Degen et al. 1997 ) on daily energy expenditure (DEE) within species.
The two most frequently used methods for determining the DEE of animals are time-energy budget (TEB) models (Goldstein 1988 ) and the doubly labelled water (DLW) technique (Lifson & McClintock 1966; Bryant 1989; Speakman 1997a) . The TEB method involves combining laboratory measurements of metabolic rates with field observations of the time spent in various activities, for example resting and foraging. The main advantage of this technique lies in the potential insight it permits into the contribution of each activity to the total daily energy expenditure. However, the precision of the TEB estimate is dependent on the accuracy of the time budget and the metabolic rates assigned to the different activities, and, in addition, on the assumption that metabolic costs are additive. This latter assumption in particular may be a serious problem (Paladino & King 1984) . Consequently, the potential for error is large (Goldstein 1988) , although when detailed time budgets are coupled with accurate assessments of thermal environment and metabolic costs, the agreement between DEE estimates from TEB and other methods greatly improves (e.g. Weathers et al. 1984; Buttemer et al. 1986; Kunz 1980) .
The doubly labelled water technique entails the isotopic labelling of an animal's body fluid, providing a direct measurement of carbon dioxide production and thus, indirectly, of energy expenditure. A major advantage of DLW is the full integration of all metabolic costs over the measurement interval, making no assumptions about the factors that may affect them. There are several major assumptions with this technique (Lifson & McClintock 1966; Mullen 1973; Speakman 1997a) , and many studies and reviews have focused on the errors associated with estimating CO 2 production when one, or more, of these assumptions have been violated (Gettinger 1983; McClintock & Lifson 1958; Nagy 1980; Speakman & Racey 1988) . Recently, studies have concentrated on other issues which have potentially important implications for the estimate of CO 2 production, with particular interest focusing on the treatment of dilution spaces of oxygen and hydrogen isotopes in the CO 2 calculation (reviewed in Speakman 1990 Speakman , 1997a .
Despite the potential problems inherent with the underlying assumptions of the DLW technique, validation studies, involving simultaneous measurement of carbon dioxide production using indirect calorimetry (e.g. Fancy et al. 1986) or metabolizable energy intake (e.g. Gettinger 1983; Karasov 1981) , have generally shown the method to be accurate for groups of animals to within ± 10% (Nagy 1989a; Speakman 1997a) . Validation studies of animals in laboratories however, should be viewed with some caution, as animals probably do not exhibit their full behavioural repertoire and are likely to experience a more stable physical environment than in the field. Nagy (1983) and Bryant (1989) both noted that errors may be far greater in the field because in this situation animals may violate a particular assumption to a greater extent than generally occurs in the laboratory. Alternatively animals in the field may be more likely to violate more than one assumption simultaneously. Validation of the method in field and semi-natural habitats has been confirmed using a variety of other standard techniques (Poppitt, Speakman & Racey 1993; Randolph 1980) giving confidence in its use. Nevertheless simultaneous measurement of daily energy expenditure of free-living animals using DLW and TEB models has often led to two very different estimates (Weathers & Nagy 1980 ). However, with accurate assessment of time budgets, thermal environments and metabolic costs, very close agreement between the two techniques have been attained for birds, either kept in aviaries (Buttemer et al. 1986) or when they were free-living (Masman, Daan & Beldhuis 1988; Williams & Nagy 1984; Weathers et al. 1984) .
The Wood Mouse, Apodemus sylvaticus, is a wellstudied small mammal, distributed throughout the western Palearctic. It lives in a wide range of habitats, and populations show large variations in demography and social behaviour (Corbet & Harris 1991) . Deciduous woodland and maritime sand-dune represent habitats of markedly different food availability and climate, where previous studies have shown many attributes of the population to be close to the opposite extremes reported for the species (e.g. home ranges: Corp, Gorman & Speakman 1997a) . Gorman & Akbar (1993) concluded that 'several behavioural attributes of the animals living in the sand-dunes appear to be explicable in terms of the mice having to "work harder" than woodland animals in order to obtain their daily requirements.' Potentially therefore, differences in energy budgets in these habitat types may be expected to be among the largest yet reported.
The main objectives of this study were to determine the daily energy expenditure of free-living male Wood Mice and to investigate the potential effects of site and season (winter vs summer), in addition to other factors including home range size, body mass and ambient temperature. Radio-telemetry was used to monitor the activity of Wood Mice from both populations, and these data were combined with laboratory measurements of metabolic rates (Corp, Gorman & Speakman 1997b; Corp 1994 ) to construct TEBs. The accuracy of the TEB models was assessed by simultaneously measuring the DEE of the same mice using doubly labelled water.
Materials and methods

FIELD PROCEDURE
Adult male Wood Mice were trapped at a woodland and at a maritime sand-dune site, ≈ 15 km apart, in north-east Scotland (57°N). Up to five mice were taken to Culterty Field Station, Newburgh (woodland ≈ 8 km and sand-dune ≈ 2 km). For the study of mice at the sand-dune site one of these animals, weighing at least 16 g, was selected, at random when possible, and fitted with a radio-collar (Biotrack Ltd, Wareham, UK) which represented no more than 10% of its body mass (after Wolton & Trowbridge 1985) . When working at the woodland site two mice were fitted with collars simultaneously. For logistic reasons, because of the larger home ranges, it was not feasible to track two mice simultaneously on the sand-dunes. All mice were held overnight in separate cages (50 × 20 × 15 cm 3 ), supplied with nesting material, food and water ad libitum. This allowed mice time to become accustomed to the radio-collar before measurements of energy expenditure began. The following morning between 0900 and 1030 h each mouse was weighed (± 0·01 g) and then anaesthetized using Halothane (BDH, Poole, UK). This allowed ≈ 0·15 ml of doubly labelled water (10·4% atom 18 O and 5 ml 99·9% 2 H in 100 ml) to be safely injected interperitoneally and avoided loss of injectate at the entry site. To determine the precise injectate mass, the syringe was weighed immediately before and after the injection (± 0·0001 g, Unimatic CL41 balance, Stanton Instruments, UK). The mouse was returned to the cage for 90 min to allow the isotopes to equilibrate in the body water. A 100-µl blood sample, was taken from the infraorbital sinus using 50-µl heparinized micropipettes with polished ends (Camlab Ltd, Cambridge, UK), and transferred to 20-µl, 10-µl and 5-µl calibrated pipettes (Vitrex, Camlab Ltd) which were immediately flame-sealed using a butane gas burner (Miniflam). Within 60 min of the blood sample being taken, mice were returned to their point of capture and released.
Attempts to recapture Wood Mice began 48 h after taking the initial blood sample. Traps were checked every morning between 0800 and 0900 h and every evening between 1900 and 2000 h. However, if an animal was also being radio-tracked, on entering the trap it was returned immediately to the field station (≈ 20 min). In the laboratory the mouse was reweighed and a second blood sample taken. Success of recapture within the appropriate time window (2-4 days) approximated to 60%. Blood samples from a total of 19 mice across both sites were analysed, of which 15 were simultaneously radio-tracked. To determine background levels of 18 oxygen and deuterium, samples were taken, usually from another male mouse of similar body mass and reproductive status than those injected. If this was not possible, then samples of local water were taken (Methods B and C, respectively; Speakman & Racey 1987) .
Ambient air and soil temperatures were recorded using a temperature data logger (SQ8-4U Grant Instruments Ltd, Cambridge, UK). In addition a stripchart recorder (Grant Ltd) linked to a short range LA12 receiver (AVM Instrument Co., Livermore, CA, USA) was used to monitor the presence or absence of radio-collared mice from their nest during the day.
ISOTOPE ANALYSIS
Gas-isotope ratio mass spectrometry was used for isotopic analysis of both 18 O and 2 H. Hydrogen gas samples were prepared by vacuum distillation of water from blood followed by reduction of the water subsamples using zinc (Wong & Klein 1986 ). The guanidine conversion process was used to prepare carbon dioxide for 18 oxygen measurements Wong & Klein 1986) . A minimum of two subsamples of blood was used to measure isotope levels of both isotopes. Samples of carbon dioxide were prepared and analysed in Aberdeen on an Optima mass spectrometer (VG Isotech, Manchester, UK). Some of the prepared samples were analysed at the Scottish Universities Research and Reactor Centre in East Kilbride on a Sira 10 mass spectrometer (VG Isotech). Hydrogen gas samples were prepared and analysed at Aberdeen University on an Optima mass spectrometer (VG Isotech).
CALCULATIONS
There has been some debate in the literature over the most appropriate equations for calculation of carbon dioxide production when using the DLW technique. Accordingly three different equations were used: Lifson & McClintock (1966) Speakman & Racey 1987; Speakman 1997a ). Daily energy expenditures were calculated from the rate of carbon dioxide production assuming a respiratory quotient of 0·85 (Lusk 1976 ). The analytical precision of each daily energy expenditure estimate was determined using a jack-knife technique (Speakman 1995) . Calculations of DEE were made using a dedicated program (http:\\www.natureware.com\double. htm; Lemen & Speakman 1997) . Rates of water influx and efflux were calculated using equations by Nagy & Costa (1980) . THE TIME-ENERGY BUDGET MODEL When radio-tracking data were collected simultaneously to doubly labelled water measurements for an individual, these data were used to construct TEBs. The TEB model described daily energy expenditure as the sum of the daily energy costs of diurnal activity, diurnal rest, nocturnal activity and nocturnal rest.
Energy expenditure of mice while active was assumed to equal the cost of moving between consecutive (10 min) locations of the animals by radiotelemetry. The cost of exercise was determined from equations given in Corp (1994) and incorporated ambient air temperature and speed travelled, calculated as the linear distance between consecutive locations. Resting costs were estimated from ambient soil temperatures and laboratory measurements of resting metabolic rate (Corp et al. 1997b) . Four estimates of daily energy expenditure at rest, and thus daily energy expenditure, were calculated. These originated from two predictions of ambient temperature while at rest, assumed as either equal to soil temperature or nest temperature (empirically estimated from soil temperature; Corp 1994) . In addition, two estimates of resting metabolic rate were calculated. These estimates were calculated using equations in Corp et al. (1997b) , where resting metabolic rate was measured as the lowest mean 5 min (RMR min ) or as the mean metabolic rate (RMR mean ) over the same experimental period.
Results
DILUTION SPACE RATIOS
The mean dilution space ratio (R d.space , N d /N o ) for all mice was 1·025 (SE = 0·0127, n = 19). This value did not differ significantly from unity (t 18 = 1·97, P > 0·05) or from 1·03 (t 18 = 0·39, P > 0·05) assumed in the equations of Lifson & McClintock (1966) and Schoeller et al. (1986) , respectively. The R d.space value, however, was significantly lower than 1·043 (t 178 = 2·75, P < 0·01) given in Speakman, Nair & Goran's (1993) Speakman (1993) gave an average estimate that was 3·2% lower (65·7 kJ day -1 , SD = 10·6, n = 19) and the Schoeller et al. (1986) equation A 6 gave an average value 5·1% lower (64·4 kJ day -1 , SD = 10·6, n = 19). The mean jack-knife precision (= analytical precision) across all estimates averaged 3·5%. Thus the differences among the different equations was similar to the analytical precision of the estimates. In the remainder of this paper we will use only the estimates derived from the Lifson & McClintock (1966) equation, which is a single pool model. Single pool models are probably the most appropriate calculation for mammals weighing less than 5 kg (Speakman 1997a) .
Using this model the mean daily energy expenditures, calculated for each of the four site × season combinations are given in Table 1 . The effect of site and season on daily energy expenditures was determined using a two-way analysis of variance with site and season as factors. There was no significant effect of site or season, nor of their interaction (season: F 1,15 = 0·64, P = 0·438; site: F 1,15 = 0·33, P = 0·575; site⋅season: F 1,15 = 0·35, P = 0·571).
In the breeding season, mice in the sand-dunes were active for a greater proportion of the day, and ranged over areas that were ≈ 18× larger than the home ranges determined for mice in the woodland. Because of the low population density, and low body mass of the few mice that were captured, it was not possible to track sand-dune mice in winter. However, woodland mice in winter had much reduced activity relative to mice in the same habitat during the breeding season (Table 1) . Consequently mice on the sand-dunes in summer ranged over areas that were ≈ 130× larger than the ranges of mice in winter in the woodland. These gross differences in activity between sites and seasons were not mirrored by changes in the mean energy demands of the mice.
At an individual level body mass, change in body mass, deviation of the recapture interval from multiples of 24 h, home range area, travel speed, daily distance travelled, soil temperature and proportion of time spent active (Table 1) were entered as predictors in a stepwise multiple regression with daily energy expenditure of the mice as the dependent variable. A series of regression analyses were carried out: within site × season and pooled across seasons, sites or both. None of the aforementioned variables were significant predictors of individual daily energy expenditure.
RATES OF WATER INFLUX AND EFFLUX
The mean rates of water influx and efflux for each season × site combination are shown in Table 1 . Variation in the rates of water flux were not attributed to differences in body mass, when data were analysed within sites or seasons or as a whole (linear regressions, P > 0·05). Analyses of variance were used to determine the effects of site and season (factors) on rates of 
Non-breeding Sand-dunes (n = 2)
water influx and efflux. For both water influx and efflux, site was the only factor to have a significant effect (influx, F 1,15 = 6·73, P = 0·020, and efflux, F 1,15 = 12·38, P = 0·003): rates of water flux were faster in Wood Mice on the sand-dunes than those in the woodland. For individual Wood Mice the rates of water influx and efflux were not significantly different (paired t-test: sand-dunes, t 6 = 1·51, P = 0·19; woodland, t 19 = -0·56, P = 0·59).
TEB ESTIMATES OF DEE
The estimates of daily energy expenditure derived from the four TEB models are summarized in Table 2 . No significant effects of site, season or site × season were found (ANOVA, P > 0·05 all models). Doubly labelled water estimates of DEE were significantly greater than those calculated by the TEB method (paired t-test, P < 0·005). TEBs incorporating an empirically derived nest temperature showed the largest deviations from DLW values (Table 2) , even though these might be considered more biologically realistic than using ambient soil temperatures.
Discussion
DAILY ENERGY EXPENDITURES
The daily energy expenditures measured in this study compare favourably to values previously reported for rodents of similar body mass (see Nagy 1987; Koteja 1991) . Nagy (1987) and Koteja (1991) constructed allometric equations describing interspecific variation in daily energy expenditure, determined using DLW, to body mass. Both authors included equations specifically for rodents, which, for an individual of 20·5 g (mean body mass in this study), predict daily energy expenditures of 48·6 kJ day -1 and 47·1 kJ day -1 , respectively. The DEE measured in this study (65·7 kJ day -1 ) was slightly higher, but fell within one standard deviation of both predictions. Consequently, male Wood Mice did not deviate significantly from the general pattern established for wild rodents.
A potential ceiling exists to the maximum metabolic rate that can be sustained over protracted periods of time (Peterson, Nagy & Diamond 1990) and consequently to daily energy expenditure. Mammalian and avian studies have found that sustained metabolic rates of free-living animals fall within seven times their basal metabolic rates (BMR), and more generally between two and five times BMR (Bryant & Tatner 1991; Koteja 1991; Weiner 1992; Speakman 1997b) . Under laboratory conditions, attempts to maximize energy expenditure have failed to elevate sustained metabolic rates above 7·6 times BMR (Hammond & Diamond 1997) . In this study BMR could only be determined in winter-acclimatized, non-breeding mice from the sand-dunes (= 0·155 W). This gives an approximate daily energy expenditure around 4·9 times BMR, which was within the proposed upper limit but on the high side of most previous estimates. Since most of previous estimates have been derived using the Nagy (1980) calculation for DEE, which generates a slightly higher estimate of energy demands, the high metabolic rates of the present animals is significant. This generally supports the contention of Gorman & Akbar (1993) that Wood Mice living in the sand-dunes were 'working hard'.
SEASONAL AND SITE EFFECTS
Seasonal variations in daily energy expenditures of rodents have been found previously in several species including House Mice, M. domesticus (Mutze, Green & Newgrain 1991) , Deer Mice, P. maniculatus (Hayes 1989) , Kangaroo Rats, Dipodomys merriami (Nagy & Table 2 . Time and energy budget estimates of daily energy expenditure (DEE) using four different methods. A, using the minimum RMR with no nest; B using the mean RMR with no nest; C using the minimum RMR with a nest; and D using the mean RMR with a nest. In all four situations the mean and standard deviation of the estimated DEE are presented using time budget information across a number of radio-tracked animals which were simultaneously measured using doubly labelled water. The mean, standard error and range of the percentage differences between the time and energy budget estimates of DEE and the DLW estimates, across all 15 individuals for which both estimates were available, is also shown (100 × (DLW -TEB)/DLW) Gruchacz 1994) and desert gerbils (Meriones crassus and Gerbillus henleyi: Degen et al. 1997) , although other rodent species show no such difference, e.g. Golden-Mantled Ground Squirrel, Spermophilus saturatus (Kenagy, Sharbaugh & Nagy 1989) , and Pocket Gophers, Thomomys bottae (Gettinger 1984) . As with these latter species, Wood Mice in the present study maintained similar DEEs across seasons. In addition, no variation was evident between sites, a pattern consistent with that of House Mice (Mutze, Green & Newgrain 1991) , but contrasting the findings of Hayes (1989) who found Deer Mice differed in their energy demands across an altitudinal gradient. Consequently, although the mice were working hard this pattern was repeated across both habitats and seasons. This was particularly surprising given the large differences in home range sizes and activity patterns of the different groups of animals. The most notable difference was that mice living in the dunes covered home ranges that were up to 120× greater than their woodland counterparts. The pattern of body mass variation of adult male Wood Mice in the population, within and between sites, is a potential key factor to understanding the field energetics of these animals. Live trapping at the sites revealed that there was a significant difference in mass between seasons (t-test: woodland, t 113 = -3·86, P < 0·001; sand-dune, t 70 = -2·46, P = 0·016). Mice during the summer were heavier than those over-wintering (woodland: mean = 22·5 g, SE = 0·54, n = 73 vs mean = 19·9 g, SE = 0·37, n = 43; sand-dune: mean = 19·4 g, SE = 0·50, n = 37 vs mean = 17·8 g, SE = 0·40, n = 42). Furthermore, sand-dune mice were significantly lighter than woodland individuals (t-test: summer, t 100 = -4·16, P < 0·001; winter, t 82 = -3·85, P < 0·001). This evidence suggests that under less favourable conditions, e.g. colder winter temperatures (Corp 1994) and lower food availability on the sanddunes (Gorman & Akbar 1993) , mice maintain lighter body masses as a strategy to reduce total energy expenditure, offsetting the increased demands of low temperature and increased activity. This interpretation is supported by the TEB estimates of DEE which, despite being discrepant with the DLW estimates (see below), also did not differ significantly between sites and seasons. This indicates the known magnitude of the effect of mass on resting and locomotory metabolic rates (Corp et al. 1997b; Corp 1994 ) was sufficient to offset the effects of increased activity and reduced temperatures.
RATES OF WATER FLUX
Total water influx represents the sum of water inputs from metabolic water production and preformed water via food and drink. Wood Mice on the sand-dunes had greater water flux, and as animals at both sites had similar daily energy expenditures, this could be attributed to a larger input of preformed water.
Previous studies have shown that mice living on the sand-dunes consumed an arthropod-dominated diet, in contrast to that of mice in woodland which ate mainly seed and other plant material (Gorman & Akbar 1993) . Arthropods contain ≈ 70% water (Cummins & Wuycheck 1971) , whereas seeds are ≈ 10% water (Drozdz 1968) . Consequently, mice on the sand-dunes were obligated by their diet to have a higher water intake than their woodland counterparts.
In a comprehensive review concerning free-living animals, Nagy & Peterson (1988) formulated allometric equations relating rates of water flux to body mass. These included a general equation for eutherian mammals. The rate of water flux of mice in the woodland, 6·3 ml day -1 , did not deviate significantly from the predicted value of 3·9 ml day -1 (mean mass = 20·78 g), and thus compared well with other rodents of similar body mass. However, mice on the sanddunes had a water flux rate of 9·3 ml day -1 , significantly greater than the general pattern (predicted: 3·7 ml day -1 for mean mass = 19·80 g). Similarly, House Mice living on Marion Island had a high rate of water flux, 10·9 ml day -1 at a mean body mass of 19·2 g (Rowe-Rowe, Green & Crafford 1989) comparable to that observed in Wood Mice form the sanddune habitat observed here. The mice on Marion Island also ate a predominantly invertebrate diet.
COMPARISON OF THE DLW AND TEB TECHNIQUES
Although the mean differences between estimates of daily energy expenditure using DLW and TEB methods were sometimes large (Table 2) , these fell within the previously reported range when the two methods have been used concurrently, -48% to 57% (Nagy 1989b) . Potential sources of error generating this difference are outlined below.
POTENTIAL ERRORS OF THE TEB MODEL
Resting costs may have been underestimated. Because resting metabolic rates were assumed to be valid for the entire time a mouse remained in its nest, activity during this period would have resulted in an underestimate of daily energy expenditure. However, two of the TEB models incorporated the resting metabolic rate averaged over a 3-h experimental period, which probably included some activity, rather than the minimum RMR, which probably did not and while these were closer to the DLW estimate they did not remove all the observed difference. It is possible, however, that the activity of a mouse in its nest exceeded that in the metabolic chamber, and therefore the resting cost is still underestimated.
The measurements of the energy cost of exercise made using indirect calorimetry, and a tread-wheel, in the laboratory (Corp 1994) , may have underestimated the cost of locomotion in the field. These metabolic rates were potentially conservative because mice in the field use a leaping gait that they did not use when exercising on the tread-wheel. Third, the speeds travelled in the field may have been faster than those estimated. Although speeds were averaged over 10 min and invariably would have involved a range of instantaneous speeds, this would not have affected the estimate of energy expenditure within each 10 min. This is because the relationships between metabolic rate and speed were linear during summer and independent in winter (Corp 1994) . Nonetheless, it is obvious that the assumption that movement between two radio locations was linear is unlikely to be correct (see also Benhamou 1990 ) and consequently both distances and speeds travelled were probably underestimated.
Finally, the cost of locomotion may not have represented the major cost of activity. In Pocket Gophers, T. bottae (Gettinger 1984) , and Antelope Ground Squirrels, Ammospermophilus leucurus (Karasov 1981) , the costs of locomotion represented ≈ 20% and 9% of the total cost of activity, respectively. On the assumption that both daily resting and exercising costs were accurate, a similar calculation was made using data from the present study. The total cost of activity was calculated by subtracting the resting cost, using RMR mean incorporating a nest effect, from the DEE determined from DLW. Estimated costs of locomotion, which included thermoregulation when exercising, represented on average 25·1% (SE = 1·97%, range = 12·6-33·1%, n = 15) of the total activity cost. Consequently, the influences of speed and distance travelled on total activity costs and ultimately on daily energy expenditures would be masked and negligible compared to effects of ambient temperature and body mass. This study, together with those of Gettinger (1984) and Karasov (1981) , lend support to the suggestion that other activities together contribute the main costs of activity. The TEB may also have lacked the detail on time spent in other possible behaviours while active, for example intraspecific aggression, mating and interspecific interactions, and their corresponding costs, which together may have contributed up to 75% of the activity cost.
POTENTIAL ERRORS OF THE DOUBLY LABELLED WATER TECHNIQUE
Wood Mice are semifossorial. Consequently, there was potential for a large build up of humidity and CO 2 to occur in the nest and burrow system which could lead to one of the technique's assumptions being violated. Gettinger (1983) and Nagy (1980) suggested that CO 2 and H 2 O originating from labelled individuals cause negligible errors, whereas when unlabelled CO 2 builds up, and is inhaled, large errors can occur. Wood Mice nest communally during winter but remain solitary in summer (Wolton 1985) . If CO 2 accumulation were a source of error a change in the magnitude of the deviation between the DLW and TEB estimates would be predicted during winter.
There was, however, no evidence to support this hypothesis.
Procedures involved with the DLW technique can affect subsequent behaviour, e.g. captive white MF1 mice (Speakman, Racey & Burnett 1991) . In our study, a mouse was active 63·3 min (mean, SE = 22·94, n = 18) less in the first 24 h postinjection than the subsequent 24-h period (paired t-test, t 18 = -2·74, P = 0·013). An initial behavioural effect has also been associated with Wood Mice wearing radio-collars (Wolton & Trowbridge 1985) . We attempted to minimize such an effect by maintaining radio-collared mice in the laboratory for 24 h prior to the start of the DLW experiment. Further work is required to show which of these factors contributed to an initial reduction in activity of Wood Mice in the field. Although such an effect might be expected to influence the overall daily energy expenditure estimate, it could not account for discrepancies between the two methods.
In conclusion, the daily energy expenditure of male Wood Mice in the woodland remained constant across seasons, although there was a significant reduction in ambient temperature. Neither was there an effect of site on DEE for mice during the summer breeding season, when larger range sizes and longer activity periods were associated with the lower food availability of the sand-dunes. The potential effects of lower ambient temperature, in winter, and food availability, on the dunes, appeared to have been compensated for by a reduction in body mass.
